(12) INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
1 November 2001 (01.11.2001) 




PCT 



(10) International Publication Number 

wo 01/80671 Al 



(51) International Patent Classification^: A24C3/06, 
3/08. 3/14 

(21) International Application Numben PCT/US0yi2916 

(22) International FiUng Date: 20 April 2001 (20.04^01) 
(25) Filing Language: English 
(2d) Publication Language: English 



PO) Priority Data: 
60/198,627 



20 April 2000 (20.04^2000) US 



(71) Applicant ^or all designated States except US): PHILIP 
MORRIS PRODUCTS, INC [US/US]; 3601 Conuneice 
Road. Richmond. VA 23234 (US). 

(72) Inventors; and 

(yS) Inventors/Applicants ffbr US onfyji XUE, Lixin, Luke 
[CN/US]; 14307 Hnntgate Wood Road. Midlothian. VA 
23112 (US). KOLLER, Kent, Brian [US/US]; 8401 Kin- 
tail Drive, Chesterfield, VA 23838 (US). PAINE, John, 
Bryant, m [US/US]; 13630 Trilitfaon Road, Midlothian, 
VA 23113 (US). 



(74) Agent: BECK, Richard, M.; Connolly Bove Lodge & 
HutzLLP. 1220MaricetStreet, P.O.Box 2207. Wilmington, 
DE 19899 (US). 

(81) Designated States (itaiionalji AE. AG, AL, AM, AT, AU, 
AZ. BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU. 
CZ,DE,DK,DM,DZ,EE,ES,FI,GB, GD,OE,GH,GM, 
HR.HU,ID, rum. IS, JP, KE, KG. KP. KR. KZ. LC, LK, 
LR, LS. LT. LU. LV. MA. MD. MG, MK. MN. MW. MX. 
MZ, NO. NZ. PL. FT. RO, RU. SD. SE. SG. SI. SK. SL. 
TJ, TM, TR, TT. TZ, UA, UG, US, UZ, VN, YU. ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM. 
KE. LS, MW. MZ. SD. SL. SZ. TZ. UG, ZW). Eurasian 
patent (/VM. AZ, BY. KG, KZ, MD, RU, TJ. TM). European 
patent (AT, BE, CH, CY, DE, DK, ES. FI, PR, GB . GR, IE, 
IT, LU, MC NL, PT, SE, TR), OAH patent (BF, BJ, CP. 
CG, a, CM, G A, GN. GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: CIGARETTC FILTERS OF SHAPED MICRO CAVITY HBHRS IMPREGNATED WnHF^ 



o 

00 




■£0 



JO 



] 



2 (57) Abstract: Tobacco flavorants loaded into semi-open micro cavities of shaped fibei^ (22) add flavor to tobacco smoke during 
the smoking process. The shaped flbers (22) aie end-capped sh^jed multi-lobals (30, 32)Jhatform semi-open cavities between the 
lobals (30. 32) to effectively entrain solid and liquid flavorant materials. The flavorant material may be in solid particulate forms, 
such as menthol solids and menthol impregnated carbon or silica gels, and may also be in liqnid form such as menthol in dissolved 
or melt forms. 
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CIGARETTE FILTERS OF SHAPED MICRO CAVITY 
FIBERS IMPREGNATED WITH FLAVORANT MATERIALS 

Related Applications 

This application claims benefit to provisional application no. 60/198,627 filed in 

April 20, 2000, which is Incoiporated by reference in its entirety for all useful purposes. 

Technical Field 

The present invention relates to cigarette filters of shaped micro cavity fibers 
Impregnated with flayorants that modify the flavor of a smol^e stream during the smoking 
process. 

Many types of tobacco smoke modifying agents such as menthol flavorants are 
added to tobacco products to enhance their taste or compensate for variations in 
tobacco quality and blend. Currently, flavorants are applied to the tobacco portion or 
the packaging portion of the cigarettes, which results In only small portion of the 
flavorant being delivered to the user. In addition, the characteristics of flavorants may 
change after exposure to the high heat of combustion before reaching the user. There 
is a strong need for a practical and consistent technology to deliver smoke-modllying 
agents effectively to the user. 

A wide variety of fibrous materials have been employed in tobacco smoke filter 
elements. Cellulose Acetate ("CA") has long been considered the material of choice for 
this application. However, the choice of materials has been limited because of the need 
to balance various commercial requirements 

A current method for incorporating adsorbent materials in cigarette filters is the 
physical entrapment of adsorbent particles between CA fibers. The particle size of 
materials used in such prior art is generally limited in the range of 500 to about 1500 
microns in diameter. In order to achieve reasonable product integrity arid pressure drop. 
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smaller particles could not be used in tliis design. In addition, the adsorbents were 
found to lose activity from exposure to triacetin, a plasticizer used as a binder for the CA 
fibers. 

In order to keep the pressure drop through the filter within acceptable limits, 
coarse granulated materials in the size of about 10 to about 60 mesh are generally 
used. A longer shelf life of the adsorbent was achieved, but the efficiency of the filters 
was limited by the relatively large particle size used. Finer size adsorbent parHcies with 
shorter internal diffusive paths and higher effective surface areas cannot be used 
directly in this configuration due to excessive pressure drop. 

Smaller particle size adsorbent/absorbent materials generally have enhanced 
Icinetics of reaction with gas phase components because of their shorter diffusion paths 
to the interior surface area of such porous materials and the interior l3ody of such 
absorbent materials. CA fibers currently in use have round or open X or Y cross 
sections that had carbon dropped In the space, but the cross sections cannot 
mechanically hold small adsorbent/absorbent particles in place, it was known that 
employing smaller absorbent particles with shorter diffusion paths can form filters with 
improved kinetics and capacity for gas phase filtration applications. 

it has been found that a fiber with open or semi-open micro cavities is desirable 
for holding the adsorbent/absorbent material and the flavorant in place. The term "semi- 
open cavities" as used herein means cavities that possess openings smaller in 
dimension than the intemal volume of the fiber in which they are fomned, and that 
possess the ability to entrap solid fine particles in their intemal volume. The term "open 
cavities" means the opening is the same or bigger in dimension than the internal volume 
of the fiber in which they are formed. 

US 5,509,430 which is incorporated by reference In its entirety for all useful 
purposes including all drawings relates to polymeric bicomponent fibers and to the 
production of tobacco smoke filters from bicomponent fibers comprising a core pf-a-low 
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cost, high strength, thermoplastic polymer and a bondable sheath of a material. There 
is a need to develop an improved filter that has better efficiency in selectively removing 
or reducing undesired components from mainstream cigarette smoke stream. 

US 5,191 ,905 issued to Berger, which is incorporated by reference in its entirety 
for all useful purposes including all the drawings describes a cigarette filter. The 
cigarette filter has a filter chip integrally joined to the cigarette section. The filter chip 
is formed by combining in a bundle, at least one absorptive synthetic fiber selected from 
the group consisting of (1 ) graft polymer fibers produced from Irradiated polypropylene 
reacted with vapor phase styrene and containing adsorptive functional groups, (2) 
activated carbon fibers, (3) charged electret fibers and (4) magnetic plastic fibers and 
then chopping the combined fibers to a predetermined length. However, Berger does 
not teach that the fibers (1 ) have micro-cavities and (2) that the carbon is loaded in the 
micro-cavities. 

To increase the delivery efficiency, efforts have been made to apply flavorants 
directly to the cigarette filter. However, limitations have rendered their 
commercialization unpractical. In US 5,356,704, PET fibers that possess axially 
oriented open grooves spontaneously wettable by water or hexane are used in the 
outer layer of cigarette filters to enhance the delivery of flavorant in a liquid state. 
However, the open structure of the grooves limits the capability of the fibers In 
retaining flavorant components that may be in solid, semi-solid or liquid phase. For . 
example, fibers made of polymers such as polypropylene have open structures, 
which are impermeable and not wettable by menthol flavorants and therefore do not 
satisfy the desired end results of flavor delivery. 

US 5,356,704 and 5,275,859 are assigned on their face to Eastman Chemical 
Company, and these patents disclose smoke filters. All these patents are incorporated 
by reference in their entirety for all useful purposes. 

The terms "adsorbenf or "absorbent" as used herein are defined to mean, that . 
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the ability of a material to take in or soak up gas components on the surface thereof or 
to assimilate such components into the body thereof. 

Summary of the Invention 

Accordingly, an object of the present invention is a cigarette filter comprising 
shaped micro cavity fibers impregnated with a flavorant that effectively and efficiently 
modifies the flavor of a stream of smoke during the smoking process. 

Another object of the present invention is a cigarette filter comprising shaped 
fibers having semi-open cavities impregnated with flavorants. 

Still another object of the present invention is a fiber filter with flavorants having 
low resistance to airflow while achieving excellent flavor delivery efficiency. 

In accordance with the present invention, a cigarette fitter comprises shaped 
muiti-lobal fibers with semi-open cavities loaded with adsorbent particles that include 
flavorants that release flavors Into a smoke stream during the smoking process. 
Brief Description of the Patent Drawings 

Novel features and advantages of the present Invention in addition to those 
mentioned above will become apparent to persons of ordinary skill in the art from a 
reading of the following detailed description In conjunction with the accompanying 
drawing wherein similar reference characters refer to similar parts and in which: 

Figure 1 is a cross-sectional side elevational view of a plug-space-plug (PSP) 
filter attached to a cigarette, according to the present Invention; 

Figure 2 is a cross-sectional side elevational view of a plug space (PS) filter 
attached to a cigarette, according to the present invention; 

Figure 3 is an enlarged elevational view of a trilobal shaped fiber with semi-open 
cavities between the lobals, according to the present Invention; 

Figure 4 is an enlarged elevational yAew of a quadrilobal shaped fiber with semi- 
open cavities between tiie lobals, according to the present Invention; and 

Figure 5 is an enlarged view of Figure 1, according to the present invention. 

4 



wo 01/80671 PCTAJSOl/12916 

Detailed Description of the Invention 

in the present invention, a novel class of cigarette filters contains fibers with 
semi-open micro cavities used to mechanically entrap solid or capillary retained liquid 
smoi^e modifying agents such as flavorants. 

For example. Honeywell US 5,057,368, which Is incorporated by reference in its 
entirety including all the drav^^ngsfor ail useful purposes describes shaped micro cavity 
fibers that are multilobai such as triiobal or quadrilobal. Other IHoneywell United States 
patents which disclose fibers which are incorporated by reference In their entireties 
including the drawings are: 5.902,384; 5,744,236; 5,704,966; 5,713.971; and 5,057.368. 
In addition, U.S. 5,244,614 and 4,858,629 also disclose multilobai fibers and are 
incorporated by reference in its entirety for all useful purposes. There is no disclosure 
or suggestion in these patents that these fibers c^n be used in cigarette filters. 

The semi-open structure of these multiloba! fibers produces a well-defined 
intemal void volume that effectively and efficiently retains both solid and liquid 
flavorants. The art of impregnating solid and liquid into those semi-open micro cavities 
is discussed by Xue et ai in Highly Efficient Acid-Gas Removing Shaped Rber Filters, 
Fundamental and Applied Aspect of Chemicallv l\/lodifled Surfaces: The Royal Society 
of Chemistry; Ed. By C. Little and J. Blitz; P154, 1999, incorporated herein by reference. 

Smoke-modifying agents such as menthol in solid powder form or liquid form are 
effectively retained in the semi-open micro cavities of such fibers and effectively 
delivered to the user. The smoke modifying agents may also be impregnated with solid 
fine absorbent particles such as carl3on powder. The flavorant is retained in a 
separated internal volume of the fibers and does not increase the pressure drop of the 
filters. In Example 2 herein. 40.26 mg of a multilobai fiber can effectively entrap 19.48 
mg of ground menthol solid powders. Also, 11.16 mg of menthol-impregnated fiber 
(containing 3.6 mg menthol) may be Included in the space of plug-space-plug filter 
an-angement. In Example 3, menthol was first impregnated Into fine ground carbon 
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powders through a wet process and then the impregnated carbon was loaded Into 
multiloba! fibers and incorporated into cigarette filters in a Plug-Space 
(trlad/carbon/menthol) configuration. Menthol delivery per cigarette was shown to be 
0.14 to 1 .28 mg for those two examples under a standard testing condition. Obviously, 
the menthol delivery level may be adjusted by total loading of the fibers in the cigarette 
and menthol in the fibers. 

Figures 1 and 2 illustrate only two examples of cigarette configurations using 
flavorant material impregnated shaped fibers, but other configurations may be used. 

Figure 1 is a cross-sectional side elevational view showing a plug/space/plug 
(PSP) filter attached to a cigarette 10. The cigarette 10 has a downstream plug 12, a 
space 14 and an upstream plug 16 with the downstream plug 12, space 14 and 
upstream plug 16 all being connected. The downstream plug 12 may be made of 
cellulose acetate, and the upstream plug 16 may be the same or different material. 
Tobacco 18 is shown next to the upstream plug 16. A fiber 22 and an adsorbent 23 
combination are inserted in the space 14. Fibers 22 that can be used are multiloba! 
shaped micro cavity fibers such as those fibers described In the background of the 
Invention, preferably, US patent 5,057,368 and US patent 5,509,430 which again are 
incorporated by reference in their entirety for all useful purposes. These fibers 22 are 
most preferably the fibers shown in Figures 3 and 4 and are HoneyweH's Triad fibers 
made from polypropylene and have an internal void fractional volume 0.5 - 0.6 and can 
mechanically entrap fine particles inside its micro cavity channels. 

Other polymeric materials, such as, but not limited to polyester, cellulose acetate 
and polysiulfone may also be used to replaced poly propylene In micro cavity fibers for 
use in this invention. The semi-opened micro-cavities as defined here do not have to he 
as continuous as Triad fibers. Other shaped fibers such as porous fibers with less 
continuous semi-open micro-cavities can also be used. The flavorant material 
impregnated fibers as defined herein may be included in any part of the cigarette or a 
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accessory smoking device in any possible engineering design that allows the them to 
be exposed to the smoke stream to reach the effect defined herein. 

Flavorant material 23 may be any flavoring compound in pure particulate or liquid 
form or a supported by adsorbent/absori3ent particulate, that has the ability to add flavor 
to the smoke stream.. Examples of such materials include methanol in pure solid 
powder form, menthol impregnated carbon or silica gel particles, menthol melt liquid or 
dissolved solutions. The adsorbent 23 is mechanically mixed with the fiber 22. The ratio 
of adsorbent particles to fiber may be in the range of 1 to about 90% by weight and 
preferably about 30-50% by weight These absorbents 23 are mechanically held In the 
micro cavities of shaped fibers 22. The fibers 22 mixed with the adsorbent 23 are then 
inserted in the space 14 and packed to a density to achieve the desired result of adding 
flavorant to the smoke steam during the smoking process. A wrapper 20 encases the 
tobacco 18, upstream plug 16, the space 14 and fiber 22, flavorant material 23 and the 
downstream plug 12. 

Figure 2 illustrates another embodiment similar to Figure 1 except that it Is a 
piug/space (PS) configuration. The cigarette 10A has a downstream plug 12 and a 
space 14. The fiber 22 and flavorant material 23 are Inserted in the space 14. 

Other configurations may also function in addition to P/S/P and P/S 
anrangements. The fiber 22 Impregnated with flavorant material 23 may be placed at 
any location in the cigarette that is exposed to the smoke stream such as at the plug 
locations 12 and 16 or in an accessory smoking device. 

Figure 3 illustrates tri-lobal fibers 30 v^th semi-open cavities according to the 
invention. Figure 4 illustrates quadrilobal fibers 32 with semi-open cavities according 
to this Invention. Again, these fibers are described in US 5,057,368 and 5,509,430. 

Figure 5 is an enlargement of Figure 1 and illustrates the multilobal fibers 22 
being combined with fine flavorant delivering particles 23 In a P/S/P configuration. 
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Examples 

The following examples demonstrate, the spirit and scope of the present 
invention. 

Table 1 Data from the Examples 



Example of 


Filter 


Menthol* 


Menthol 


TPM (mg) 


Puffe 


Menthol Del. 


Cigarette 


Configuration 


lnc.(mg) 


Del.(nng) 






(mg/Puff) 


1 


P1/S/P2 


0 


0 


12.9 


6.2 


0 


2 


P1/S(triad/m 


-3.6 


0.14 


11.6 


6.6 


0.021 


3 


P2/Triad(Car 


-9.7 


1.28 


18.0 


6.7 


0.19 



*Amount may be less due to loss in experimental procedure. 
Example 1 was blank #2280 P1/S/P2 reference cigarette. 
Example 2 was prepared as follows: 



40.3 mg of Triad fiber 3-dpf PP fiber (pre-cut to about 1 1nch in length) is mixed 
and shaken with excess of ground solid powder of 200 mg, Brazilian L-menthol needles 
in zip sealed polypropylene bags. After removing the excess solid by sieving with a #70 
sieve, the fiber weighed 60.1 1 mg. 1 1 .1 6 mg of the impregnated fiber was then inserted 
Into the space of #2280 reference cigarette in a P1 /triad (mentho[)/P2 configuration. The 
prepared cigarette was sealed in plastic bags and tested in 1 1 days. The menthol 
delivery level is 0.14 mg. 
Example 3 was prepared as followed: 

238.14 mg of above menthol,* 463.29 mg of l\4ethanol, and 393.17 mg of Pica 
coconut carbon dust were mixed and ground under stirring. After most of the methanol 
solvent was evaporated, the resulted solid (647.65 mg) was further ground to fine 
powder and transfenred into a plastic bag and mixed and shaken with 29.73 mg of 
above discussed 3-dpf triad fiber. After sieving off excess solid with a #70 sieve, 56,12 
mg of Impregnated fiber was obtained and inserted Into a #2280 cigarette In a P2/Triad 
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(Carbon, menthol) configuration. The sample was then sealed in a plastic bag and 
tested In 5 days. The menthol delivery level is 1 ,28 mg. 

Shaped fibers with open or semi- surface micro-cavities could be used to prepare 
Improved filters having the flavorant entrapped in the mJcro-cavlties. Their micro- 
cavities could be used to retain fine absorbent particles such as carbon and APS silica 
gel powders or mixtures thereof and a flavorant without incurring high RTD. Depending 
on the surface characteristic of the impregnated solid powders, the removal of gas 
phase components can be realized via either physical adsorption or chemical reaction 
mechanism. By selecting the reaction mechanism, certain components of the smoke 
cigarrette may be selectively removed. 

While there Is shown and described certain specific structures embod^ng the 
invention, It will be manifest to those skilled In the art that various modifications and 
rearrangements of the parts may be made without departing from the spirit and scope 
of the underlying inventive concept and that the same is not limited to the particular 
forms herein shown and described. 



9 



wo 01/80671 PCT/USOl/12916 

WHAT IS CLAIMED IS: 

1 . A cigarette filter comprising a micro-porous fiber with semi-open cavities which 
are loaded with a flavorant delivering material in solid or liquid forms. 

2. A cigarette filter as In claims 1 wherein the fiber is a triloba! fiber with 
continuous semi-open cavities. 

3. Cigarette filters as In claim 1 wherein the fiber Is a quadrilobal fiber with 
continuous semi-open cavities. 

4. Cigarette filters as In claim 2 wherein the fiber is loaded with pure methanol 
flavorant delivering material In solid powder fonn or In dissolved or melt liquid fomis . 

5. Cigarette filters as In claim 2 wherein the fiber is loaded with methanol 
flavorant delivering material supported on an adsorption/absorption particle. 

6. A cigarette filter as in claim 1 wherein the flavorant delivering material is in a 
ratio to the fiber In an amount fi-om about 1 to about 90%, by weight. 



10 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCTAJSOl/12916 



A. CLASSIFICATION OF SUBJECT MATTER 
IPCC7) :A24C 3/06, 3/08. 3/14 
US CL : 131/331, 332, 335, 361, 345, 342, 341 
According to International Patent Classification gPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification Qonbols) 
U.S. : 131/331.332,335, 361,345,342,341 



Documentation searched otiier tiian ounimum documentation to the extent tiiat such documents are included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
EAST/WEST electronic databases 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



A 
A 



Citation of document; with bidication, where impropriate, of tiie relevant passages 



US 4.729,391 A (WOODS et al ) 8 March 1988, see entire 
document. 

US 5,509,430 A (BERGER) 23 April 1996, see entire document. 

US 5,951,744 A (ROHRBACH et al) 14 September 1999, see entire 
document. 



Relevant to clahil No. 



1-6 

2-5 

1-6 



I \ Further documents are listed in the conthiuation of Box C. | | See patent family annex. 



* SpedaJ catesorics of cited documents: 

"A" document dining tbe general state ofthe ait wbichli not conideRd 

to be of psxticulfiT idovance 

*£" esriier document poblisbed on or after Aft intenrndonatfilbigdatB 

"L* document which may thtow doubts on piioxfQr claini(s) or wUeh Is 

cited to establish the pablicadan date of another citation or other 
special ceason (as specified) 

*0* (toenmeaf itftnnig to an oral disclosure, use. exhfbitioa or other means 

"P" docwnest published prior to the international filing date but later than 

the priority datt cUimed 



later dtTff"«i*"* publidied after the inteniational filti^ date or priori^ 
date and not b eoafBct with the appl&Brtian but dted to uttdatstand the 
prindple or Ihemy nndcriyhig the ftivcntioa 

document of particular refevsnce^ the claimed invention cannot be 
consideied novel or cannot be considered to faivolve an inventive step 
whea the documeat is csken alone 



I of particular relevance; the claimed invention cannot be 

consideied lo involve an inventive step when the documem is 
combined with one or mora other such documents, such cambinatioo 
bang obvious to a peison sldUed in the an> 

docmoem member of the same patent flmity 



12 



of the actual completion of the mtemational search 
JUNE 2001 



Dale of mailing of the International search report 

0 1 AUG 2001 



Name and mailing address of the ISA/US 
Commissioner of Pntents and Trademarks 
BoxPCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

DIONNE A. WALLS 
Telephone No. (703) 308-066 1 



DEBORAH THOl 
PA/WLEGAL^PECWUST 



Form PCrr/ISA/210 (second sheet) (July 1998)« 



